Abstract
Introduction and Related Work
Diffusion in wireless technology increased the number of mobile devices -such as mobile phones, personal digital assistants (PDAs), or smart phonesand offered users a good base for the fast development of electronic commerce (e-commerce) conducted through mobile devices. The new type of e-commerce transactions conducted through mobile devices using wireless networks is called mobile commerce (mcommerce). M-commerce has enabled a new mode of information exchange and purchase of goods or services. Hundreds of online payment services and internet banking that utilises mobile devices have been introduced worldwide. However, online payment services using mobile devices have not succeeded to the same degree as traditional online payment services. Dahlberg et al. [1] questioned why Visa Electron [2] and PayPal [3] had succeeded while online payment services utilising mobile devices had not worked as well. This was clearly evidenced even while several other studies demonstrated that many consumers were, in principle, interested and willing to use their mobile devices for online payment purposes [4] [5] [6] . Thus, a number of previous studies have tried to investigate factors that could influence consumers to accept mobile payments (m-payments). These studies have focused on security, convenience, cost, perceived ease of use, and perceived usefulness [7] [8] [9] [10] . The summarised findings of most of these studies indicated that, in order for mobile payments to succeed, they must be secure, convenient, easy to use and be offered at little or no additional cost to consumers. These studies simply examined the acceptance and adoption attributes in general cases for mobile payments without paying attention to evaluations of the actual utilisation of mobile devices as an assistance device in making online payments.
Tomi and Anssi [11] reported that exist research about m-payment acceptance was an elementary research in its early stages. The literature review by Dahlberg et al. [12] stated that the mobile payments area needed more theory based on empirical research to enhance current understandings of mobile payments and to improve the quality and relevance of mobile payment research. A previous study by Kim et al. [13] reported that the m-payment area required more Evaluating the Utilisation of Mobile Devices in Online Payments from the Consumer Perspective Thair Al-Dala'in, Suhuai Luo, Peter Summons, Kim Colyvas research in order to determine such factors that influenced consumer intentions to use m-payments. Overall, many of the previous studies have stated there was a gap in existing knowledge that addressed the issue of the m-payment success [11] [12] [13] [14] [15] . Several theories have proposed to explain consumer acceptance of new technologies. These included, but were not restricted to, the theory of 'diffusion of innovations', the theory of 'reasoned action', and the 'Technology Acceptance Model' (TAM) [16] . TAM was the most widely used, tested, and replicated theory for explaining the use of new technology. Furthermore, a number of studies have refined the standard TAM by including additional attributes as potential explanatory factors. In this study the standard TAM was used to measure consumer attitudes toward mobile devices. Empirical significance had been established for the perceived usefulness (USF) and perceived ease of use (EOU).
Consequently, in order to assist in evaluating the efficacy of m-payments from the consumer perspective in an empirical analysis, some of the evaluated factors were adapted from the literature [11, 13, 15, [17] [18] [19] [20] [21] [22] [23] [24] [25] [26] [27] and some factors were developed specifically for this research [6] . These were reported as success factors for m-payment systems. Consequently, these factors were integrated with the standard TAM variables (USF and EOU) [16] . The study examined adapted factors in a simulated use of m-payment consumer procedures. The factors studied include: 1) Confidentiality (CON): Defined here as the extent to which the information and payment systems must not be disclosed to unauthorised persons, processes, or devices. This factor was adapted from the literature [17, 20, [22] [23] [24] [25] .
2) Confidence (COF): Defined here as the consumer belief that the use of mobile devices for online payments could be trusted to successfully and reliably execute and complete a payment. Furthermore, the consumer perception of security prior to making a transaction through prior knowledge that there were adequate rules and regulations to oversee all process steps to minimise non-repudiation and fraud and other security violations. This factor was developed through this research [6] .
3) Cost (COS): Defined here as the cost of the payment system to consumers via transactional charges. This factor was adapted from the literature [11, [19] [20] [21] [23] [24] [25] .
4) Control (COT): Defined here as the degree to which consumers feel in control of their actions when sending personal payment information in a transaction. This factor was developed through this research [6] . 5) Ease of use (EOU): Defined here as the degree of effort to which a consumer believed that using and managing mobile devices in online payments might take. This factor was adapted from the literature [11, 13, [17] [18] [19] [20] [21] [22] .
6) Usefulness (USF): Defined here as the degree to which a consumer believed that using mobile devices in online payments would facilitate the online payment process. This factor was adapted from the literature [13, [17] [18] [19] 22] . 7) Trust (TRT): Defined as the degree to which a consumer believed that using mobile devices for online payments would make the transaction secure. This factor was adapted from the literature [18, 21, 25] .
For purpose of this study, we referred to the term 'use of mobile devices for online payments' or mpayment as the employment of mobile devices to initiate, authorise, activate or confirm online payment transactions by consumers. Also, we referred to the term 'payment procedures' whenever we discussed concrete solutions such as the use of a credit card or PayPal.
In the next section, research methodology, data analyses and results will be introduced. Section 3 will discuss the results of a survey. Section 4 will include a short conclusion and a discussion of possible future research.
Research methodology

The sample and its collecting procedures
We argued that the success of an m-payment system needed to be considered from the consumer's viewpoint. From this perspective, the scales used to measure the evaluated attributes (CON, COF, COS, COT, EOU, USF and TRT) were modified for the simulated m-payment procedure experiment. Therefore, data was collected by surveying the opinions of online shopping participants in a free simulation experiment [28] . The experimental set simulated, as closely as possible, a real world situation. Participants were assigned to an information session about the simulated m-payment procedure, in which they were shown how to use it for online payments. At the end of the information session, they were asked to use the simulated m-payment procedure and then fill out an evaluation questionnaire (see Appendix 1). The information session was in an unsupervised experimental format dealing with a customer purchasing a book online from a simulated Website and letting them authorise the payment by using their mobile device. Participants could use any personal computer (PC) to connect, browse and select a book from a merchant's webpage. The mobile device in this m-payment procedure was implemented as a Journal of Convergence Information Technology Volume 5, Number 2, April 2010 programme installed on a PC and it followed communication rules as would a live mobile device. In order for participants to authorise the payment, they were required to enter their personal PIN number, provided in the information session, to the m-payment procedure (see [29] for more details). Scales used in this research were from the threepoint Likert scale, for convenience, we designate these as 'low', 'medium' and 'high'. The Likert scale is regarded as the most widely used scale in survey research for information systems and marketing research [30] . When responding to a Likert survey item, participants specified their level of agreement to a statement. Consequently, it was decided to use a three point scale, by which it was hoped to encourage respondents to make positive or negative choices in order to produce more emphatic data, avoiding what Oppenheim [31] described as a 'lukewarm response'.
In this research, the population consisted of all users having knowledge of using online payment procedures and all were aged eighteen and over and who had some kind of debit or credit cards that could be used for online payments on online shopping websites. The project concerned online payment systems in any organisational context such as banking IT departments, and software development companies. Therefore, after an assessment of available resources and data collection strategies, a decision was made to draw the sample from both members of internet groups and students enrolled at Australia's universities. These populations were selected because such people can be considered as a convenient sample in that they may be more aware of new technology, such as m-payment systems, than the general population. Fifty five people were invited to participate in the study. Thirty three of these agreed to attend an information session and thirty one people actually took part in this study. Therefore, thirty one instruments were collected and considered as data sets for this study. There were no unusable instruments because all thirty one participants were willing and able to co-operate fully in this study.
Data analyses and results
For initial measurement assessment, we performed instrument validation process [32, 33] to determine the internal consistency and construct validity of data. Percentages for each category low, medium and high were used to examine the factors that could affect the m-payment success.
Participant's characteristics
In this research we conducted a written survey with people experienced in using online payment procedures in order to evaluate the utilisation of mpayment procedures for online payments. Knowledge of using online payment procedures was assumed and expected in the participants. For that reason, it was necessary to establish a picture of the characteristics of respondents in the sample to ensure that they met the criteria established for this research. For instant, participants under eighteen years were not included in our research because our research deals with people above eighteen years old and who used online payment procedures for online shopping. Detailed descriptive statistics relating to the participants' characteristics are shown in Table 1 . We note that most participants were aged in their twenties or thirties and they were of a higher-educational level.
Also that 29% of the participants were female, and 74% were male. 
Reliability
Internal consistency reliability is a statement about the stability of individual measurement items across replications from the same source of information. Reliability is the degree to which measures are considered free from random error [34] . The Cronbach's alpha coefficient [35] is one of the most commonly used statistics in this type of situation. Large Cronbach's alpha coefficients are usually signs that the measures are reliable [35, 36] . Cronbach's alpha was used for assessing the reliability of the
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Thair Al-Dala'in, Suhuai Luo, Peter Summons, Kim Colyvas items. In exploratory research, modest reliability in the range of 0.5 to 0.6 is considered sufficient, while Joseph et al. [37] suggested that the lowest limit for Cronbach's alpha should be 0.70. To estimate the internal consistency reliability of the instrument, the Cronbach alpha coefficient was calculated for each of the 7 scales based on the data collected from the thirty one participants. Cronbach reliability tests for the survey data were performed using PASW statistics package [38] . The results are presented in Table 2 . Initial and composite reliabilities refer respectively to the constructs before and after principal components analysis factor analysis. See next section below. The number of revised items refers to the number of items after eliminating weaker items. The items were eliminated if their loadings were less than 0.5 in the correlation matrices or their communality value was less than 0.4 [37] . As shown in the table, the overall reliability coefficient for items instrument is high, at 0.90. Each of COT, EOU, and USF scales had initial alpha values greater than 0.80. The CON, COF, COS and TRT scales had initial Cronbachs' alphas ranging from 0.71 to 0.78. We can note from the table above that after removing weakly agreeing items for CON and COF the composite alphas coefficients improved from 0.74 to 0.80 and from 0.78 to 0.86, respectively. The composite scales were used for further analysis.
Validity
Validity indicates whether the measures used are accurate constructs describing the event. Churchill [39] recommends to establish content validity in the early stages of research. Therefore, the scale items for each construct were screened by experts in the design and analysis of the statistical surveys to examine the study instrument. Construct validity [40] was performed after the content validity to determine the extent to which the operational construct of each actually measured what it was supposed to measure. In this study, construct validity was assessed with exploratory factor analysis using principle component extraction and Varimax rotation method [41] . The validity was assessed for the items within each scale with each scale being analysed separately.
The correlation matrices for the 7 scales were computed. The matrices for COS, COT, and TRT scales revealed that the coefficients between each scale items ranged from 0.34 to 0.84 (all were significant at the 0.05 level). Therefore, there was no need to consider the elimination of any of item in this stage.
On the other hand, the correlation matrices for CON, COF, EOU, and USF scales revealed some problems with each scale item. For example, for the CON scale two correlation coefficients in the confidentiality and privacy correlation matrix were very small (0.05 and 0.11) and neither association was significant at the 0.05 level. Therefore, scale item CON2 seemed unacceptable and was dropped. The same approach was used for the other study scales and unacceptable items were dropped (CON2, COF2, COF3, COF6, EOU4, and USF3) based on their nonsignificant association values or correlation < 0.3.
Factor analysis was used on each scale separately to determine if they were uni-dimensional (Table 3) . Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy and Bartlett's test of sphericity [41] were computed in order to examine whether the correlations were appropriate for factor analysis. The KMO measure of sampling adequacy test ranged between (0.62 and 0.75) and Bartlett's test of sphericity for the scales (p<.001) indicated factor analysis would be appropriate [37] . All the items within each of seven scales converged neatly onto the corresponding construct with high factor loadings (all > 0.60) and communalities of all items (except two) were higher Journal of Convergence Information Technology Volume 5, Number 2, April 2010 than 0.4 [37] . The factors explained from 61% to 67% of the total variance, which is considered a successful factor analysis [37] . Hence, it can be concluded that each scale represented a single construct. Evaluating the Utilisation of Mobile Devices in Online Payments from the Consumer Perspective Thair Al-Dala'in, Suhuai Luo, Peter Summons, Kim Colyvas
Descriptive
The key objective of this research was the evaluation of constructs related to the utilisation of mpayment procedures that determine attitudes toward success. Table 4 shows how many respondents specified their level of agreement for each item within each of the constructs related to the m-payment success for online payments. Figure 1 presents mean percent over all items within a scale for each of the seven scales. The figure shows that the trust (TRT) and confidentiality (CON) had the highest scoring construct. Thus, 77% of responses had high agreement for TRT and 70% for CON. The easy of using (EOU), control (COT) and confidence (COF) constructs are also had high scoring 59%, 55% and 52%, respectively. 48% of respondents had high agreement for accepting the cost (COS) for m-payment and 43% see m-payments is usefulness (USF). That means the respondents perceive m-payments to be trustful, confidential, easy to use and useful for online payments. Furthermore, they believe that the use of mobile devices for online payments give them a feel of confidence and control in their actions when sending private payment information in such a transaction.
As additional evidence to support the use of mpayments it was found that all scoring constructs for the medium category had higher scores than the low category. The majority of respondents had high or medium agreements of using mobile devices and only a small percentage had low agreements. For instance, TRT construct had a small percentage of low agreement (2%) that had no trust to use m-payments and no one had low agreement for CON construct. 
Discussion
The study evaluated the use of m-payments that determined attitudes toward success. Results indicated that mobile devices had a positive impact on increasing consumers use for online payments. The analysis provided strong support for the proposed utilisation of mobile devices for online payments. In particular, the results demonstrated that the most significant factors that determined consumer attitudes toward m-payments were trust and confidentiality. The mobile devices had a positive impact to the consumers' sense of trust regarding online payments. This study finds that the ability of mobile devices to provide consumers with a simple and smooth transaction process was a critical Journal of Convergence Information Technology Volume 5, Number 2, April 2010 factor in persuading consumers to use online payments. Furthermore, the employment of mobile devices for online payments provided help to consumers in controlling online transactions and gave them more confidence in making online payments. Our results are consistent with research conducted by Kim et al. [13] and Dennis [42] in their findings, they concluded that the perceived usefulness and ease of use should be an important concern for managers and executives when implementing IT systems. Moreover, our results have confirmed the finding of previous studies [7] [8] [9] [10] 13] in that the cost, usefulness, ease of use, confidence, confidentiality and trust were the main attributes for mobile payments to be successful. From a theoretical perspective, this study supported the use of mobile devices for online payments and its importance as a factor in online-payment procedural success. Moreover, these results have confirmed that the adoption of attributes used in this study were the main attributes to evaluate m-payment procedures.
Conclusion and future work
The potential exists for mobile devices to become significantly more important in the technology needed for an ever-increasing global economy. Financial institutions must, therefore, deliver more attractive online-payment technology for consumers to make them more willing to become involved in online operations. Given that a large number of attributes can potentially affect consumer attitudes toward online payments, this research has suggested that the use of mobile devices for online payments is highly significant and already had a high acceptance by consumers. The study data was collected by surveying the opinions of participants in actual use of a simulated m-payment procedure in a free simulation experiment. The results of this empirical analysis showed that trust and confidentiality were determined to be significant antecedents of the intention to use m-payments. Moreover, our results have confirmed that the cost, confidence, perceived usefulness and ease of use have had a significant effect on mobile payments success.
This paper was part of a larger study to compare the use of m-payment procedures against traditional online payment procedures using credit card or PayPal. The sample size was chosen for that study and was identified as a limitation of this study because the sample size was too small for effective determination of reliability and validity of the scales. Furthermore, it was concluded that work with larger sample sizes would be needed to improve our knowledge of the properties of the scales.
